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The peak in production of the three forms of asbestos that were commercially mined in
South Africa occurred in the years between 1970 and 1977. Given the latency period of 20-
40 years, we should expect to observe a rise in the incidence of mesothelioma throughout
this decade. However, all we may ever observe is just the surface of what may be an
immeasurable burden of disease due to amongst other reasons, the lack of representative 
data and the nature of mesothelioma itself. As a result of the obstacles that impeded earlier
research, South African studies that have been conducted since Wagner et al. first
established the association between asbestos and mesothelioma in 1960, have reported
under estimated measures of occurrence of the disease, especially amongst black ex-
miners. It also due to the exploitation and injustice to former miners throughout the
asbestos mining history that we remain with an unknown burden and epidemiology of
disease as well as heavy costs towards healthcare and rehabilitation of mine dumps. 
The author sought to review the medical information of claimants registered on an asbestos 
compensation database hosting the largest number of black asbestos ex-miners of all case
series published in South Africa to date. The aim was to describe the demography and the
epidemiology of the disease amongst those who had been diagnosed with mesothelioma 
between 2003 and 2010. 
The protocol (PART A) describes a brief background of the two Trusts on which this study
was based, and the methodology of the study. The literature review (PART B) illustrates the
conditions that prevailed in the asbestos mining industry and how these have distorted the
epidemiology of mesothelioma in South Africa. The manuscript of the article (PART C)
illustrates the data analysis, the results, as well as the discussion of the results. The
objective was to describe the proportions of mesothelioma cases within the database by
various characteristics. We also described by race the investigations that the claimants
underwent to reach the diagnosis.
The results showed that out of the 15 461 claimants registered on the database, 295 
(1.91%) had mesothelioma. Of these, 54.24 % were black, 7.80% coloured and 37.97% 












Seventy nine percent of the mesothelioma claimants had occupational exposure while 
29.15% had environmental exposure. The main fibre type that claimants were exposed to 
was crocidolite (92%). There were no claimants who had exclusive exposure to chrysotile or 
amosite. The compensation Trusts have thrown further light on the epidemic of 
mesothelioma in and around the asbestos mining towns. However, poor ascertainment 

















































The study is dedicated to the men and women who day in and day out endured hard, 
“asbestos-sifted” manual labour beyond facial recognition just to put food on the table, to the 
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PART A: PROTOCOL 
1. INTRODUCTION 
 
Asbestos causes a spectrum of asbestos related disease. Mesothelioma, a cancer that 
primarily affects the pleura and the peritoneum, is the worst of this spectrum.  
The disease was recognised as a very rare cancer with an annual incidence of 1-2 per 
million population in the late 19th century, about the time when the mining of asbestos 
began.1 By the middle of the 20th century, there were already studies reporting new cases of 
mesothelioma.2,3,4,5The most groundbreaking of these being the 1960 study by Wagner et 
al. that reported on 31 out of 32 mesothelioma cases with probable exposure to crocidolite 
asbestos.5 
 
For over a century, starting in the late 1800s, South Africa mined three types of asbestos: 
crocidolite, amosite and chrysotile.6,7,8 Production continued despite scientific studies  
reporting an association between mesothelioma and crocidolite asbestos5, peaking between 
1970 and 1977 for the three types.7,9 It has been at least 34 years since these production 
peaks. Given the long latency period between asbestos exposure and mesothelioma of 20 to 
40 years9, the highest incidence of mesothelioma could be expected this decade.  
1.1 Asbestos and the mining history 
 
Asbestos can be classified into two main forms according to the shape of its fibres: 
amphiboles and serpentine. Only three types of asbestos were of commercial importance: 
crocidolite (blue asbestos), amosite (brown asbestos) and chrysotile (white asbestos).  
Due to its various properties, asbestos was useful in many industrial applications.10,11,12 For 
example, chrysotile was used in brake lining, insulation, manufacturing of asbestos cement 
products and polishing of precious stones while amphiboles (crocidolite and amosite) were 
mostly used in combination for the manufacturing of asbestos cement products.  
 
In South Africa, mining of the different forms of asbestos occurred in three provinces during 
different, overlapping time periods from 1893 to 2002.7 The isolated locations of the 
asbestos mines and the “tributer” system amongst other factors, allowed for exploitation of 












With registration of mines only taking place in 1953, hardly any records of work history were 
kept, especially for the black work force.i Hence a century after the beginning of the mining 
of asbestos, we are left with a distorted epidemiology of an incurable disease. 
1.2 Mesothelioma 
Mesothelioma is mostly associated with previous asbestos exposure.14 The cancer 
originates from the lining of the pleural and peritoneal cavities, less commonly affecting the 
pericardium.15 The prognosis is very poor and the available treatment modalities have not 
been effective.11,16  It is its poor prognosis, its rarity and long latency that make its incidence 
difficult to measure and therefore the epidemic “invisible”. 
The incidence of mesothelioma is markedly variable from country to country.17 The highest 
incidence rates have been reported in Australia, Belgium and Great Britai  where the annual 
incidence is around 30 cases per million. In South Africa however, owing to the sparse and 
unreliable data,18,19,20 the incidence is underestimated. For example, a study by Zwi et al., 
reported a standardized incidence rate (SIR) per million population aged 15 years and over 
for mesothelioma in South Africa of 7.6 and 3 per million population in black men and 
women respectively. The rate was 32.9 and 8.9 per million population in white men and 
women respectively. This vast difference in SIR most likely reflects under-representation of 
the black workforce in the data.16 Also, a recent study by Kielkowski et al. reported much 
lower mortality rates given the historical production and use of asbestos in South Africa.21  
Even though South African epidemiological studies show a distorted picture of the 
epidemiology of mesothelioma, there has been an overall increase in reported cases of 
mesothelioma since the latter half of the 20th century.18,22,23,24 This thesis is a an attempt to 
contribute further data to our understanding of  the burden of mesothelioma in South Africa. 
 
                                                          
i During the apartheid era in South Africa, the population was classified into 4 races based on skin pigmentation 
and hair texture: black, asian, coloured and white. These categories determined socio-economic status and 













1.3 Background to the Study 
1.3.1 Background of the Asbestos Relief Trust and the Kgalagadi Relief Trust 
The establishment of the two Trusts 
 
The Asbestos Relief Trust (ART) was established in 2003 after Richard Spoor, a South 
African human rights attorney representing claimants suffering from asbestos related 
disease, prevailed in an out-of-court settlement with several companies that owned asbestos 
mines in South Africa: Gefco /Gencor Limited, Msauli, African Chrysotile Asbestos Limited 
(ACA) and Hanova Mining Holdings. In 2006, the Kgalagadi Relief Trust (KRT) was set up 
after a voluntary agreement was concluded between Richard Spoor and the Swiss company, 
Becon, which had operated Kuruman Cape Blue Asbestos (KCBA) and Danielskuil Cape 
Blue Asbestos (DCBA).25  
 
 In order to qualify for a claim, the potential claimant has to have been occupationally or 
environmentally exposed from a qualifying operation during a qualifying exposure period. 
The claimant must also suffer a compensable asbestos related disease (ARD) that was 
presumptively caused by the exposure. The Trusts allow claims on behalf of deceased 
individuals who died from lung cancer or mesothelioma and not from other ARDs. This claim 
however, must be lodged within 3 years of death by a dependant. 
 
The Trusts have grouped the ARDs into four categories, ARD1 to ARD 4. ARD 1 is defined 
as asbestos related pleural thickening and/or asbestosis, with mild or moderate lung function 
loss. If lung function loss is severe, the disease is classified as ARD2. Asbestos related lung 
cancer is considered ARD 3 while mesothelioma (pleural or peritoneal) is considered ARD 4. 
ARD 3 and 4 are always compensable while asbestosis and asbestos-related pleural 
thickening are compensable only if accompanied by lung function loss.25 
 
1.3.2 Screening conducted by the Trusts 
 
The Trusts have several regional offices where people who could potentially benefit can 
lodge a claim. Although some of the regional offices have been closed, there are still 
functional offices in Johannesburg, Kuruman, and Cape Town. The Trusts have also actively 
sought potential beneficiaries in countries around South Africa such as Botswana, Lesotho 












Initially information about the functions of the Trusts was disseminated through word of 
mouth, pamphlets, brochures and local media. Through regional offices (within South Africa) 
or accredited legal representatives (outside South Africa), potential claimants are issued with 
medical letters and sent to doctors on the Trusts’ accredited medical panel at the Trusts’ 
expense.  
The medical records from these doctors are then sent to Cape Town where a Specialist 
Occupational Medical Panel (SOMP) consisting of radiologists and occupational medicine 
specialists meet every week to review them. At least two members of the SOMP (1 
radiologist and 1 occupational medicine specialist) are present at every review session. If 
evidence of asbestos exposure is established, the potential claimant’s x-ray and spirogram 
are reviewed. Once compensable disease is confirmed; the claim is lodged and processed.  
Potential environmental claimants have to cover the costs of the initial examination. If the 
SOMP concludes that there is an environmental ARD, the claim is further reviewed by an in-
house Environmental Reference Group that decides if the ARD is compensable or not from a 
legal point of view in terms of the Trust Deeds. Figure 1 below shows the flow of actions 



















































2. RESEARCH PURPOSE AND OBJECTIVES 
2.1 Purpose 
 
The two Trusts actively sought potential claimants in areas where local and immigrant 
asbestos ex-miners would most likely be residing e.g. Northern Cape, Lesotho. The data are 
therefore likely to represent black former miners in higher proportions than seen in previous 
studies, creating an opportunity to fulfil one aim of the study which is to gain a better 
understanding of the epidemiology of this rare disease, especially in a previously under-
studied group.  
Potential Claimant approaches Claims Handler/Regional Office 
for initial interview and registration 
Claims Handler/Regional Office requests medical letter 
for administratively qualifying Potential Claimant 
Medical letter is issued by Head Office 
Head Office mails the medical letter to Claims Handler/Regional Office 
who then arranges for Potential Claimant to get x-ray and spirogram 
SOMP reads x-ray and spirogram 
No ARD 




certifies degree of ARD 
Asbestos exposure determined 
SOMP requests for further 
investigations (e.g. histology, 












Another aim of the study was to assess whether access to diagnostic investigations could 
partly explain the differences in the proportions of mesothelioma in different racial groups. 
Medical records of potential claimants and claimants on the ART/KRT database diagnosed 
with mesothelioma will be reviewed to realize the following study objectives:  
2.2 Objectives 
 
Objective 1:  
To describe mesothelioma claimants by the characteristics: race, gender, exposure type, 
fibre type, histology, immunochemistry markers, duration of exposure, latency and distance 
from the source of exposure in environmental mesothelioma, and current location. 
 
Objective 2 
To describe the investigations conducted on different racial groups of mesothelioma 
claimants to arrive at the diagnosis.  
3. METHODS 
3.1 Study population, study sample and study design 
 
The study population is made up of ex- miners and environmentally exposed individuals from 
regions in and around South Africa who were exposed to asbestos from qualifying 
operations during qualifying periods and who applied for compensation from the Trusts. This 
implies that individuals who were employed by qualifying operations during non- qualifying 
periods are excluded. The study sample includes only claimants who were certified by the 
SOMP as having ARD 4, that is, mesothelioma of the pleura or peritoneum.  
The Trusts accepts mesothelioma confirmed by histology, immunochemistry and radiology 
as a definitive diagnosis. However, if histology and immunochemistry are not available but 
the medical history, clinical examination and radiology results are in keeping with 
mesothelioma, the case is accepted. The design of the study is a compensation register 















Figure 2 below illustrates how the study sample will be selected. 
 



















3.2 Data collection  
 
All the hard copies of potential claimants and claimants’ medical files end up in the Cape 
Town office of the Trusts where they are reviewed by the SOMP. For this dissertation, the 
data will be extracted by the author personally. Hard copies of medical files of the 295 
claimants diagnosed with mesothelioma will be retrieved and perused to complete a pre-
designed data extractor form. For anonymity, claim numbers and folder numbers will be 
used to identify the claimants.  
Effectively excluding individuals 
too far from the regional 
offices, those who do not qualify 
administratively, those already 
dead, or those who don’t know 
about the Trusts and 
environmentally exposed 
individuals who can’t cover the 






Claimants    
 
Claimants without compensable 
ARD 
discharged 











n = CASE SERIES 















Data on all the variables will be manually retrieved from the claimants’ medical files. Fibre 
exposure will be determined by reviewing the work history from industry files which will 
constitute all the mines that the claimants worked at.  
Occupational and environmental claims are recorded as such on the database; they will be 
verified by checking the history of exposure from industry files.  Exposure type will not be 
categorised beyond occupational and environmental. If the claimant was exposed to both, 
we will categorise the case as occupational and if they had domestic exposure, we will 
categorise them as environmental.  Latency will be calculated as the difference between the 
first year of exposure (from industry files) and the year of claim registration by the Trusts as 
the time when the disease actually presented is not known. Duration of exposure will be 
calculated as the difference between first year of work and last year of work (also from 
industry files) and between first and last date of residence (self-reported) for occupational 
and environmental claimants respectively. The recorded distance from source of exposure 
for environmental claimants was calculated using Trust board appr ved maps. All medical 
investigations were submitted by Trust approved medical practitioners. Autopsy reports were 
obtained from the National Institute for Occupational Health. The data extractor form that will 






























Table 1 below shows a list of variables that will be collected. 
Table 1: NUMERICAL AND CATEGORICAL VARIABLES 
NUMERICAL VARIABLES CATEGORICAL VARIABLES 
 
Variable Unit  Variable Categories 
Age  Year Gender  Male/ Female 
Latency   Year  Race Black/ White/ Coloured 
Duration  Year  Fibre type Crocidolite/ Amosite/ 
Chrysotile 
Distance from the 
mine  
Kilometers  Exposure type Occupational/ Environmental 
 Current province 9 provinces of South Africa 
Physical address Current location 
X-ray Done/ Not done/ Missing 
Computed tomography Done/ Not done/ Missing 
Smoking status Smoking/ Non- smoking 





Diagnosis in relation to 
death 
Before/After 
Autopsy Done/ Not done/ Missing 
*A-Markers supportive of Epitheloid Mesothelioma 
*B-Markers supportive of Sarcomatoid/Biphasic Mesothelioma 
*C-No Markers stained positive/ Markers not supportive of Mesothelioma 
 
3.3 Data management  
 
The information on the extractor forms will be entered onto an Excel spreadsheet. Claim 
numbers will be used to merge the collected data with the electronic database from the 
Trusts to retrieve missing information where possible. The race of the claimants was not 
recorded by the Trusts. During the apartheid era in South Africa, the population was 
classified into 4 races based on skin pigmentation and hair texture: black, Asian, coloured 
and white.26 These categories determined socio-economic status and potitical dwelling 
which had a bearing on amongst other things area of residence, type of occupation, 












For purposes of this dissertation, the claimant’s race will be determined by the researcher 
viewing identity document copies as well as looking at the classification on autopsy reports. 
The data will then be cleaned and categorical variables will be coded for analysis. 
3.4 Data analysis 
 
Stata 10 software package will be used to conduct a descriptive analysis of the data.28  
Exploratory data analyses will be performed using histograms, summary statistics, standard 
deviations and interquartile ranges for continuous data. The Wilcoxon Ranksum test and 
Kruskal Wallis test will be used to determine if there are any statistically significant 
differences between the numerical variables across strata of categorical variables.  
Chi squared test will be used to determine associations between categorical variables. The 
two dummy tables below show examples of bivariate analysis between categorical variables 
and between numerical and categorical variables. 
 
Table 2: EXPOSURE TYPE BY RACE (dummy table for illustrative purposes) 




Black    
Coloured    
White    
TOTAL    
 











Age    
Duration in years    















4. ETHICAL CONSIDERATIONS 
 
Permission to use the data set was granted by Asbestos Relief Trust and Kgalagadi Relief 
Trust (See appendix). The study was approved by the Human Research Ethics Committee 
of the UCT Health Sciences Faculty (See appendix). Confidentiality was maintained by the 
author being the only one with access to the data and anonymity was maintained by 
identifying the claimants with claim number or folder number. The results of the study will be 
made available to the Trusts (ART and KRT) and publication in a peer reviewed journal 
sought. 
 
5. DISSERTATION STRUCTURE 
 
 PART A: Protocol 
 PART B: Structured Literature Review 
 PART C: Manuscript of an article 




ACA - African Chrysotile Asbestos 
ARD- Asbestos Related Disease 
 
ARD1- Asbestos related pleural thickening and/or asbestosis, with mild to moderate lung 
function impairment. 
 
ARD2- Asbestos related pleural thickening and/or asbestosis, with severe lung function 
impairment. 
 




ART- Asbestos Relief Trust 
 
CCOD- Compensation Commissioner for Occupational diseases 
  
COIDA- Compensation of Occupational Injuries and Diseases Act of 1993 
 












GEFCO -Griqualand Exploration and Finance Company 
IARC- International Agency for Research on Cancer 
 
IQR- Interquartile range 
 
KCBA- Kuruman Cape Blue Asbestos 
 
KRT- Kgalagadi Relief Trust 
 
MBOD- Medical Bureau of Occupational Diseases  
 
MSAULI- Msauli Asbes Limited 
N-Number of observations 
 
NIOH- National Institute of Occupational Health  
 
ODMWA- Occupational Diseases in Mines and Works Acts of 1973  
 





CLAIMS HANDLER- Claims handlers are organisations accredited by the Trustees to assist 
potential claimants in lodging a claim with either the ART or the KRT. 
 
POTENTIAL CLAIMANT- Refers to an individual who has lodged an application for 
compensation with the Trusts but who has not yet established that his / her claim meets all 
the criteria for compensation. 
 
QUALIFYING OPERATION- A qualifying operation refers to a mine, mill or other operation 
which was owned by or associated with Gefco, Gencor and Msauli (for ART) or by KCBA 
and DCBA (for KRT) 
 
QUALIFYING PERIOD- A time frame during which a qualifying operation was owned by or 
associated or associated with  Gefco, Gencor and Msauli (for ART) or with KCBA and DCBA 
(for KRT). 
 
SUCCESSFUL CLAIMANT- Refers to an individual who has lodged an application for 


















PART B: LITERATURE REVIEW 
 
1. INTRODUCTION   
 
Challenges that limit epidemiological research into asbestos exposed populations are 
many.10,29,30 Hence the health impact of over a century of asbestos mining has not been 
very well documented, especially amongst black miners. In South Africa, mesothelioma was 
recognised as a very rare cancer with an annual incidence of 1-2 per million population in 
the late 19th century, about the time when the mining of asbestos began.10 By the middle of 
the 20th century, reports of increased incidence were beginning to surface. However, since 
then until the early 21st century, studies have reported inconsistent measures of occurrence 
of mesothelioma in South Africa.1,6,31 
 
The aims of this literature review are to describe the obstacles to earlier research and the 
distorted epidemiology and the social and health consequences that have resulted. The 
specific objectives are as follows: 
 
 To describe briefly asbestos mining history (labour force, conditions of work, social 
impact, health impact and the compensation for mesothelioma). 
 
 To summarise studies that have attempted to estimate the burden of disease, both in 
previously occupationally exposed and environmentally exposed populations. 
 
2. SEARCH STRATEGY 
 
Strategy: The following search engines were searched for combinations of the search terms 
listed below: Pubmed, Science Direct, Aleph (University of Cape Town database), Medline, 
Google Scholar, Uptodate.  
Search Terms:   
 Asbestos: fibre types, carcinogenicity, health effects 
 South Africa 
 Mesothelioma: pathogenesis, management 
 Mining: history, work conditions, labour force 
 Compensation schemes: pneumoconiosis 













Exclusion criteria: Studies that were not written in English and those that focused on 
asbestos related diseases other than mesothelioma were excluded. 
Inclusion criteria: Studies that attempted to measure the occurrence of mesothelioma, on 
the asbestos mining history in South Africa, on mesothelioma the disease, on government 
compensation schemes and rehabilitation of mine dumps. 
 
The most relevant references from the selected articles were traced and retrieved where 
possible. 
 
3. SUMMARY OF LITERATURE REVIEW 
3.1 Asbestos 
 
Asbestos is a collective term used for a group of naturally occurring fibrous silicate 
minerals.10,12 The word comes from the Greek, meaning unquenchable or 
inextinguishable.12 The asbestos minerals have a unique morphological form, their habit of 
crystallization as polyfilamentous fibre bundles. The reason why asbestos was so popular 
and even termed the “magic mineral” is because of its properties: long fibrous shape, high 
tensile strength and flexibility, low thermal and electrical conductivity, high absorbency, high 
mechanical thermal stability, and resistance to acids and bases.32 It is due to its many 
properties that asbestos was useful in many industrial applications.12 
 
3.2 Fibre types 
 
 Asbestos can be classified into two main forms according to the shape of the fibres, 
amphiboles and serpentine. Amphibole fibres are short (may be long as well) and straight 
while serpentine asbestos fibres are long and curved.10,12 The different fibre types are 
detailed in table 4 below. Only three types were of commercial importance: crocidolite (blue 




























Serpentine  Chrysotile Mg3 Si2O5(OH)4 Brake lining, ship building, insulation, asbestos 
cement products, fire proofing 
Amphibole 
 
Crocidolite Na2 (Fe2+3 Fe3+2 
)Si8O22(OH)2 
Cement product manufacturing 
Amosite Fe 7 Si8O22(OH)2 Used as a filler in rubber and plastics 
Actinolite Ca2 Fe5 Si8O22(OH)2 Used in the manufacturing of some jewellery 
stones 
Tremolite Ca2 Mg5 Si8O22(OH)2 No commercial use 





Amphibole asbestos deposits that are large enough to be commercially viable are rare, 
which is the reason why the amphibole group was only min d in South Africa and Western 
Australia. Chrysotile on the other hand is the most geologically abundant type of asbestos, 
























3.3 Mining history 
Below is a map illustrating the asbestos fields in South Africa. 
Figure 3: MAP OF SOUTH AFRICAN ASBESTOS FIELDS 
 




Mining of asbestos in South Africa started in the Northern Cape Province, next to Prieska in 
1893 after Lichenstein had discovered crocidolite in that region between 1803 and 1806.8 
Other fields of crocidolite were discovered in Mafefe in the then Northern Transvaal Province 
(now Limpopo) in 1905. These deposits in Mafefe were of lower grade crocidolite; hence 
most of the operations there remained small until their closure in the early 1980s.  
Major mining of crocidolite occurred in the Northern Cape Province, accounting for 97% of 
global production.5 Large mines were owned and operated by subsidiaries of the British firms 
Cape Asbestos PTY, Turner & Newall (T&N), and Griqualand Exploration and Finance 












During the peak of production of crocidolite (1977) over 200 kilotons was produced. The 
volumes of different fibres mined during production periods are listed in table 5 below. 
During this period, between 12000 and 14000 workers were employed in the crocidolite 
mines.8 Another study reported a higher number of 21 000 workers employed in more than 
40 crocidolite mines during the peak period.36 It was litigation, stricter legislative controls, 
and trade union and consumer campaigns that took place abroad that eventually led to the 
drop in crocidolite production in South Africa around 1992. The last crocidolite mine closed in 
1998.30 
Table 5: VOLUMES OF FIBRES DURING PEAK OF PRODUCTION 
Fibre  Crocidolite  Amosite  Chrysotile  
Period of production 
peak 
1977 1970 1975 
Volumes mined during 
peak production 
200.97 kilotons 97.38 kilotons 111.58 kilotons 
Number of miners 
employed during peak 
production 




Amosite mining started in 1914 around Penge in the Northern Transvaal Province, peaking 
in 1970 when about 7000 workers were employed.8 Japan was the main consumer of 
amosite.  The decrease in demand of amosite in Japan (following its banning) lead to the 
closure of the Penge amosite mine in 1992.8 
South Africa contributed less than 5% of the world’s chrysotile production; with Canada and 
the Union of Soviet Socialist Republics being the major producer.5 In 1937 a significant 
commercial deposit of chrysotile was discovered in the Msauli River valley near Barberton.9 
Production of chrysotile was kept close to capacity from 1975 on, employing around 1650 
workers. The last mine at Msauli closed in 2002.30 Records of volumes of fibres produced 
from 1960 until 1985 show that crocidolite was the most produced followed by chrysotile and 
then amosite.29  
The mining and milling of asbestos involved labour-intensive activities: cobbing fibre from 
waste rock, hand sorting, sieving, weighing and packing of the asbestos fibres into bags for 
shipment.13 It was not only men who were involved in these activities but entire families, the 













Both occupational and environmental exposure was high as the milling facilities operated dry 
and dispersed stacks of dust over hundreds of square kilometres.8 The environmental 
exposure was compounded by the local municipalities using asbestos to surface roads, 
cover playing fields and create golf course greens. Local residents also used the fibre to 
insulate their ceilings.  
Asbestos in South Africa was mined predominantly for international markets. Production and 
exportation increased in the 1920s and 1930s. By 1980, 84 individual countries were 
importing asbestos from South Africa37, exposing more South African workers and workers 
around the world. 
Asbestos exposure was not restricted to mining and milling, but extended to the 
transportation as well as to the manufacturing of asbestos products. It has been suggested 
that overall 30 000 people may have been exposed to asbestos in the South African 
manufacturing industry,19 and like in the mining industry, it would be hard to trace them. 
3.4 The social impact of asbestos mining 
 
The asbestos mining areas in South Africa were poor and isolated, making it easy for the 
British companies and their subsidiaries to enforce poor working conditions on desperate 
communities.13 Since there were no forms of alternative employment, or knowledge about 
the risks they would be exposed to, the labourers accepted these conditions.23 Cobbing was 
a form of social work since women operated in groups, sharing food preparation and child 
minding duties. This was a perfect arrangement as families stayed together, avoiding the 
unpleasant conditions of migrant labour. However, this arrangement also meant that 
entirefamilies were exposed to asbestos and therefore the risk of mesothelioma.  
The workers remained in poverty even though they were in some form of employment. Until 
1950 Gefco and Cape Asbestos Pty. used the “tributer” system which meant that labourers 
were not formally or permanently employed. The companies bought fibre from tributers when 
the market was conducive. The informalities of the mining operations ensured that families 
fell outside the provisions of the Mine acts. Mining operations also avoided the cost of 
providing accommodation or medical care.  When labourers were eventually formally 
employed, and they fell ill, they would simply be fired.13  It was only in 1980, when trade 













By then it was too late, many workers had already been exposed owing to the high turnover 
as a result of poor working conditions. They left for their homes with a lifetime risk of 
mesothelioma, probably no records of work history or pension payouts and likely to a life 
poverty. 
The asbestos mining industry was prosperous between 1955 and 1975. Therefore, 
employers had resources to control dust levels but they chose not do so, thereby 
perpetuating a trail of detrimental consequences. The impacts are far reaching as many 
people are left with asbestos related diseases for which there is no cure. Their quality of life 
has been severely affected and the government is left with the responsibility of rehabilitating 
mines that were mostly British and European owned. The Department of Mineral Resources 
(DMR) has already spent R50 000 000 rehabilitating mine dumps.38  R100 million more is 
still required to complete the rehabilitation, money that could arguably be used to build 
schools, houses or providing much needed health care to sufferers of asbestos related 
diseases. 
 
3.5 The health impact of asbestos 
3.5.1 Carcinogenicity of asbestos 
 
Asbestos is known to cause both benign and malignant disease in humans, but of relevance 
to this study is ability to cause cancer, especially mesothelioma.10 Ever since the association 
between crocidolite asbestos and mesothelioma was established39, many theories about the 
carcinogenicity of asbestos have been contemplated. Pierce et al. suggested that the 
difference in the physiochemical properties of the different asbestos types can partly explain 
the differences in their biopersistence and hence perhaps their carcinogenicity.40 Amphibole 
fibres have straight-chain structures which make them more biologically durable in that they 
are more difficult to clear from the lung by macrophage engulfment or the mucocilliary 
escalator. On the other hand, once engulfed by macrophages, chrysotile fibres get depleted 
of components of their structure, facilitating their destruction and decreasing their residence 
time in the lung. 
However, the Stanton hypothesis states that it is the dimensions of the fibre rather than the 
chemical structure that determines the potency of the fibre.41 In their animal experiments, 
Stanton et al. showed that pulverized chrysotile, crocidolite, and fibrous glass were much 












They argued that fibrous glass is as carcinogenic as asbestos, when the dimension is 
appropriate. They concluded that the important feature of mesothelioma induction is a 
durable fibrous shape. The weakness with animal experiment studies though is that the 
results cannot be generalised to humans.  
However, there have been epidemiological studies that support Stanton‘s hypothesis. Sluis-
Cremer et al. reported a lower proportional mortality ratio (PMR) for mesothelioma of 0.6% in 
amosite miners compared to 4.8% in those in manufacturing.20 Gibbs in his review of the 
Sluis-Cremer paper justified the difference in the reported ratios with an explanation close to 
the Stanton hypothesis, noting that in the manufacturing process, amosite gets further 
fiberized, and therefore more carcinogenic.42  
Another question that has preoccupied researchers is whether the three asbestos fibre types 
differ in their mesotheliomagenicity. In the 1960, it was believed by South African scientists 
that Transvaal amphibole fibres did not cause mesothelioma. This theory was due to the 
observation that all reported cases of mesothelioma were from the Northern Cape and none 
from Transvaal. However, this notion was proved wrong wh n a cohort study by Sluis- 
Cremer et al. reported 2 cases of mesothelioma out of 90 subjects that were exposed to the 
Transvaal amphibole fibres.20 The mesotheliomagenic gradient of South African asbestos 
fibres has since been suggested: crocidolite>amosite>chrysotile.43  
The International Agency of Research Into Cancer (IARC) has classified all forms of 
asbestos as fibrogenic and carcinogenic.44,45 However, the debate on whether chrysotile 
uncontaminated by amphibole is a risk factor for mesothelioma has persisted. There have 
been reports of mesothelioma cases associated with uncontaminated chrysotile. A study on 
chrysotile asbestos miners and millers in Zimbabwe reported 2 cases of mesothelioma; the 
chrysotile in Zimbabwe is believed to be uncontaminated by tremolite.46 Also, recently 
Egilman et al. reported a case of peritoneal mesothelioma from exposure to tremolite free 
Canadian chrysotile.47 Despite these reports, some researchers believe that uncontaminated 
chrysotile is not a risk for mesothelioma.48,49  
As far as the author is aware, South Africa is yet to record mesothelioma in individuals 
exclusively exposed to chrysotile mining. White et al. reviewed 4 South African studies that 
detailed the occupational and environmental exposures of 504 histologically proven 













The IARC working group suggests that the reason for this negative finding in the South 
African literature is that chrysotile mining started later and the production level was less than 
that of crocidolite and amosite, supportive of the theory that it is not the percentage of 
tremolite contaminating chrysotile but rather the workload.50 However, this is not entirely 
accurate of South African data. The mining of chrysotile in South Africa started in 1920.51 It 
went on after cessation of crocidolite and amosite mining, and the exports of chrysotile were 
more than that of amosite and crocidolite in mid 1970’s and early 1980s respectively. In a 
recent review,Phillips et al. entertain a few reasons for the absence of documented 
chrysotile mesothelioma cases in South Africa. It is possible that the number of workers 
exclusively exposed  to chrysotile was very small or that due to the rarity of the disease, the 
cases were missed. Also, although unlikely, it could be that the exposures were controlled in 
such a way that cases would not arise. The authors conclude by discussing  the relatively 
low tremolite contamination of  South African chrysotile as the most likely reason for the 
absence of chrysotile mesothelioma cases in South Africa. 
3.6 Mesothelioma 
3.6.1 Mesothelioma the disease 
 
Although other causes of mesothelioma have been implicated, the malignancy is mostly 
associated with previous asbestos exposure. There have been reports of spontaneous 
cases without any known exposure to asbestos.46  
Mesothelioma typically presents with chest pain or dyspnoea. On physical examination, 
signs of pleural effusion and pleural thickening may be expected. Occasionally the patient 
may have clubbing. The primary imaging modality for suspected pleural malignant 
mesothelioma is intravenous contrast enhanced computerized tomography (CT).10  
CT findings that are suggestive of malignant pleural mesothelioma are: circumferential 
pleural rind, nodular pleural thickening, pleural thickening more than 1cm and mediastinal 
pleural involvement. Absence of these features however, does not exclude the diagnosis of 
malignant mesothelioma. Magnetic resonance imaging (MRI) is not routinely used but can 
provide additional information on the staging of the tumour, most importantly for patients who 
are potential candidates for surgical intervention.10 Positron emission tomography (PET) can 
help to differentiate malignant from benign pleural disease and can also be used to screen 













Malignant mesothelioma can be classified histologically as epitheloid, sarcomatoid or 
biphasic. Patients with epitheloid mesothelioma have a slightly longer survival period than 
sarcomatoid and biphasic. Immunochemistry plays a vital role in the pathological diagnosis 
of mesothelioma. However, there is currently no individual immunochemistry mesothelial 
marker that provides 100% specificity or high sensitivity for the diagnosis of mesothelioma. 
Mesothelioma usually shows immunoreactivity for keratin, p53, and epithelial membrane 
antigen.  Mesothelioma can mimic other tumors, especially the epitheloid type. There are 
immunochemistry markers that can be used to narrow the diagnosis closer to mesothelioma: 
mesothelin, calretinin, and cytokeratin 5/6.52 
Although cure of mesothelioma has not been achieved, life can be prolonged using 
aggressive surgical interventions and multimodality strategies53, most of which would not be 
readily accessible in a resource constrained country like South Africa. Surgical intervention 
is possible in only a minority of patients with malignant mesothlioma.54 Volgezang et al. 
showed in their phase III study that patients who were put on pemetrexed and cisplatin 
survived on average 3 months longer than the group that received only cisplatin.55 
3.6.2 The epidemiology of mesothelioma in South Africa 
 
Prevalence studies cannot measure the incidence of rare diseases such as mesothelioma.13 
Overall, it is estimated that asbestos will eventually be responsible for more than 5 million 
fatalities worldwide17, yet the occurrence of mesothelioma may go unobserved in South 
Africa since the data are lacking, unreliable and are often not representative of the asbestos 
mining force.  
 
Owing to the lack of work history records, under-estimation of the occurrence of 
mesothelioma has been a limitation of many studies. By 1960, 1 000 white and 20 000 black 
workers were in employment in the mining industry.8 Solomons reported a race distribution 
in the asbestos mining industry between 1977 and 1982 to be on average 1 white to nearly 
18 black and coloured workers.24  Myers reported that even in the asbestos manufacturing 
industry, at least in 1976, black workers constituted 78% of the labour force.56  Despite these 
racial proportions in the asbestos labour force, whites have consistently constituted a higher 
proportion of mesothelioma cases in South African studies. 
 
Migrancy has compounded the problem of lack of reliable data in the sense that many 
miners who were exposed to asbestos have since returned to their rural homes, moving 












People migrated from Malawi, Mozambique, Lesotho, Swaziland, Botswana and Namibia to 
work in the Northern Cape.36 McCulloch  reported that only one in five workers was a local in 
the Pietersburg fields7, giving an indication that there were a lot of  migrant labourers whose 
fate could hardly be followed. Furthermore, it has been reported that there was a high 
turnover of black miners, implying that probably a lot more black miners were exposed and 
are untraceable.13 Therefore; the best available figures would still underestimate the true 
occurrence of mesothelioma. 
 
There have been several epidemiological studies published since 1965. Although the 
estimates are inconsistent, they show that overall the occurrence of mesothelioma has 
increased over the years. Findings of case series studies relevant to this study have been 
summarised in table 6 below. The studies describe the epidemiology of mesothelioma 
cases. 
Table 6: SOUTH AFRICAN MESOTHELIOMA CASE SERIES STUDIES 















Wagner et al.57 1965 87 PRU a * 13.5%:84.3% * 
Webster4 1973 232 NRIOD b * 44%:33% 34%:0.9%:0% 
Cochrane et al. 23 1978 70 NRIOD b 13%:0%:87% 80%:19% * 
Solomons24 1984 80 NCOH c 16%:4%:80% 68%:7.5% 21%:5%:0% g 
Rees et al. 19 1999 123 Multiple 
Centres d 
45%:*:55% 67%:31% 56%:8%:0% 
 
a- PRU- Pneumoconiosis Research Unit ,now National Institute of Occupational Health (NIOH) 
b- NRIOD- National Research Institute for Occupational Diseases (now NIOH) 
c- NCOH-National Centre of Occupational health (now NIOH) 
d- Greater Bloemfontein, Johannesburg, Cape Town, Kimberley, Pretoria, Port Elizabeth 
e- C:A:Ch- Crocidolite: Amosite: Chrysotile 
f- B:C:W-Black: Coloured: White 
g- Asbestos fibre type predominantly mixed 
*-     Not mentioned 
Note: In studies where the proportions were not provided, the author worked them out using the 
information provided in the articles. Owing  to unknown information or proportions that are not part of   














There was a total of 5 case series published in South Africa between 1965 and 1999. In four 
of these, there were more mesothelioma cases with occupational exposure than 
environmental exposure. Crocidolite was the dominant fibre type and whites constituted 
higher proportions of cases than other race groups.  
The under-representation of blacks exposed to asbestos was consistent in other types of 
studies as well. For example, in a study by Zwi et al., the SIR per million populations aged 
15 years and over for mesothelioma in South Africa was 7.6 and 3 per million/year in black 
men and women respectively and 24.8 and 13.9 per million/ year in coloured men and 
women respectively. The SIR was 32.9 and 8.9 per million/year population in white men and 
women respectively, the rate for white males strikingly higher than the rates in the other two 
race groups.18  
White et al. recently compared these rates from Zwi’s study with the 1992 National Cancer 
Registry of South Africa.34 They showed a sharp increase in the SIR of white men and 
women from 32.9 to 54 per million/year and from 8.9 to 20.8 per million/year respectively. 
The same was not true for black men and women nor for coloured men and women, strongly 
suggesting under-representation of the two race groups in the data used. 
Like Zwi’s study, studies that included only white men indicated high mortality rates. A birth 
cohort study of white men born between 1917 and 1937 in Prieska by Reid et al. found a 
cumulative mortality proportion of 11/1000.58  In a follow-up study of the same cohort 5 years 
later, Kiekowski et al. found mortality rates due to mesothelioma in the Prieska area to be 
very high at 277 per 106 person-years overall.59,60 If white men are used as a standard, it 
could be assumed that the mortality rates were even higher amongst black men as many 
more of the latter were exposed to high risk jobs at asbestos mines. However, 
underrepresentation of the black miners is just one of the many reasons as to the 
underestimation of the occurrence of mesothelioma in South Africa. For example, competing  
causes of death are explored in a recent study by Kielkowski et al.21 which reported mortality 
rates lower than expected. 
3.7 Compensation  
 
Compensation claims for asbestos related diseases are regulated by the Occupational 
Diseases in Mines and Works Acts of 1973 (ODMWA)61 and the Compensation of 
Occupational Injuries and Diseases Act (COIDA)62 for people exposed in the mining and 












The fact that these two Acts make provision for the same disease (mesothelioma) has led to 
inequality in benefits and thresholds of compensability. Therefore two claimants with a 
similar disease stand to get different pay-outs on the basis of the previous occupational 
exposure type, depending on whether it was mining or non-mining.  
Unlike COIDA, ODMWA makes provision for all former miners to have a two-yearly benefit 
medical examination until they reach “second degree” impairment with mesothelioma graded 
as such. The lungs and hearts of former miners who were exposed to risk work, regardless 
of whether they were diagnosed with pneumoconiosis while still alive or not, can be sent to 
the National Institute of Occupational Health (NIOH) to investigate for compensable lung 
disease.  
The findings of clinical and pathological investigations are then sent to the Medical Bureau of 
Occupational Diseases (MBOD). If it is decided that there is evidence of a compensable 
disease, the findings are forwarded to the Compensation Commissioner of Occupational 
Disease (CCOD) for payments. Compensation for a worker certified first or second degree, 
is based on the salary in accordance with a formula predetermined by ODMWA. Even 
though potential claimants who submit the necessary paper work including work history 
documents stand to benefit somewhat, the government schemes are very inefficient.  A 
recent case series by Maiphetlho et al. found a clinic record of successful claim payment to 
be only 20% of all claims submitted for silicosis, with an average time to payment of 51 
months.63 Although the case series was based on former gold miners diagnosed with 
silicosis, it showed the inefficiencies of the ODMWA compensation system in South Africa. 
When the claimants are eventually compensated, the pay outs are hardly anything to get by.  
Asbestos Relief Trust (ART) and Kgalagadi Relief Trust (KRT) are the only non-
governmental asbestos compensation schemes in South Africa. While the MBOD covers 
only occupationally exposed former miners, ART/KRT covers even environmentally exposed 
individuals.  
3.8 Rehabilitation of mine dumps  
 
The occurrence of new cases of mesothelioma will continue indefinitely if asbestos exposure 
is not eradicated. The government is obliged to rehabilitate mine dumps in the interest of the 
community and the environment if the mine is ownerless, however; the intervention is 












The main aims of rehabilitation are to eliminate on a permanent basis the dispersion of 
asbestos fibres by environmental agents and to return the disturbed area to an ecologically 
stable environment.  
In South Africa, asbestos contamination rehabilitation started in 1986, in and around Prieska 
and in some areas in the Limpopo Province. The Department of Minerals and Energy 
reported that there were approximately 50 former asbestos mining areas, particularly in the 
Northern Cape Province remaining to be rehabilitated and 60% of all asbestos mine dumps 
had been rehabilitated between 1986 and 2004. However once-off rehabilitation is not 
enough, funds are required for long term maintenance. The department has already spent 
R50 million and it is anticipated that R100 million more is still required to complete 
rehabilitation of the remaining mine dumps.38  
4. GAPS IN THE LITERATURE  
 
The lack of representative data has led to some of the inevitable gaps in the research and 
hence literature of mesothelioma in South Africa. The burden of disease is uncertain. Racial 
and gender distributions are not very well documented.  
The mesotheliomagenicity of uncontaminated chrysotile is still a controversial subject. These 
gaps cannot be filled using South African data because of the unreliability and 
incompleteness. For example the dispersion of former migrant mine workers back to their 
homes has significantly decreased potential denominator for research.  
The asbestos situation is unfortunate as political will, policy change and resource allocation 
are all partly influenced by numbers. Diseases like mesothelioma fail to impress a state of 
urgency for intervention because the invisibility of the epidemic. This study is based on 
cases that were actively sought for compensation purposes. Therefore it will throw some 
light on the numbers of mesothelioma cases in and around mining towns who are missed by 
















PART C: ARTICLE 
1. ARTICLE ABSTRACT 
Introduction 
Asbestos mining and use from the late 19th century have left South Africa with an invisible 
epidemic of a fatal disease, mesothelioma. It has been 34 years since the peak in production 
of the three forms of asbestos commercially mined in the country. Given the latency period 
of 30-40 years, we should expect to observe a significant rise in the incidence of 
mesothelioma this decade. However, the lack of representative data and the rapid natural 
progression of mesothelioma has led to the underestimation of the occurrence of this 
disease in South Africa.  
Methods  
In the largest South African case series of mesothelioma to date, we describe the 
demography and the exposures of claimants diagnosed with mesothelioma between 2003 
and 2010. The study was based on a review of a claims database established by two 
asbestos compensation Trusts. 
Results 
Out of 15 461 claimants on the database, 295 (1.91%) had mesothelioma. Of these, 54.24 % 
were black and 37.97% white. Seventy nine percent had occupational exposure while 
29.15% had environmental exposure. The main fibre type that claimants were exposed to 
was crocidolite (92%). None of the mesothelioma claimants were exclusively exposed to 
chrysotile or amosite.  
Conclusion  
Our results suggest that there may be an invisible epidemic of mesothelioma in and around 
former mining towns. The proportion of black claimants with mesothelioma was high 
compared to the proportions in other South African case series studies. However, there are 
many mesothelioma cases that go undiagnosed owing to late presentation and poor access 
to healthcare, especially amongst black claimants.  














An estimated 30 000 miners were reported to be employed in the asbestos mines during the 
peak of production of the three types of asbestos commercially mined in South Africa.8,9,36 
However, owing to the high turnover of black miners (refer to footnote on page 10) and poor 
work records, the numbers were probably much higher.36 Black miners constituted the 
majority of the mining work force. Solomons reported a race distribution in the asbestos 
mining industry between 1977 and 1982 to be on average 1 white to nearly 18 blacks and 
coloureds.24 Despite these racial proportions, whites constitutes a higher proportion of 
mesothelioma cases in most South African studies.4,19,23,24,55 
The last crocidolite mine in South Africa was closed in 1998. We are therefore likely to see 
mesothelioma cases from the mining industry until 2038 given the latency period of between 
20 and 40 years. The poor prognosis of mesothelioma shortens the timeframe in which one 
can conduct diagnostic investigations, especially in resource strained countries. The disease 
presents much later in life, when patients may not even recall asbestos exposure or 
asbestos exposure may not be clear from their occupational history if history is taken by an 
inexperienced interviewer, in which case mesothelioma may not be pursued as part of the 
differential diagnosis. Therefore on the one hand we have obstacles inherent in the disease 
that inevitably leads to many cases being misdiagnosed while on the other hand we have 
poor health facilities and poor access to health facilities delaying ascertainment, sometimes 
delaying it to death.  
Poor ascertainment does not only lead to under-estimated incidence of mesothelioma but to 
difficulty in claiming for compensation as well.  Compensation from government schemes 
governed by two Acts, the Compensation of Occupational Injuries and Diseases Act 
(COIDA) and Occupational Diseases in Mines and Works Act (ODMWA) for non-mining and 
mining exposure history respectively59,60, is difficult to access.27The efficiency of these 
government compensation schemes is poor and the amount of money paid out for similar 
diseases is not uniform across all races.61 
There are non-governmental compensation schemes in South Africa like the Asbestos Relief 
Trust (ART) and Kgalagadi Relief Trust (KRT) on which this study has been based that offer 














3.1Setting and subjects 
 
The study population was sourced from the database of two non-governmental 
compensation Trusts, ART and KRT set up in 2003 to screen and compensate individuals 
with asbestos related disease. At the time of analysis of the data, the Trusts had registered 
15 461 potential claimants. In order to qualify for compensation, individuals must have 
worked at specified operations (mines or mills) or associated manufacturing plants during a 
specified period. To make the functions of the Trusts known to the public, the Trusts’ 
operation team visited provinces in the country that mined asbestos in the past (Northern 
Cape Province, Limpopo, North West and Mpumalanga) and neighbouring countries where 
many migrant miners came from (Lesotho, Swaziland and Botswana). Information was 
relayed to the public through pamphlets and use of local media, especially radio.  
Continued dissemination of information of the Trusts also occurred through establishing 
regional offices where potential claimants could get assistance. Claims are accepted from 
both living and deceased individuals who were occupationally or environmentally exposed. 
In cases where the claimant is deceased, the widow or widower or any other financially 
dependent individual may apply for compensation provided the claim is lodged within three 
years of the date of death. The confirmation f diagnoses of asbestos related disease 
(including mesothelioma) is made by a Specialist Occupational Medicine Panel (SOMP) 
consisting of radiologists and occupational medicine specialists. There are at least two 
members of the panel at every session where results of investigations submitted to the panel 
are reviewed. Only claimants who were diagnosed with mesothelioma were included in this 
study. The Trusts accept mesothelioma confirmed by histology, immunochemistry and 
radiology as a definitive diagnosis. However, if histology and immunochemistry are not 
available but the medical history, clinical examination and radiology results are in keeping 
















3.2 Data collection and analysis 
 
The data were collected by the author from the hard copies of the mesothelioma claimants’ 
medical files. Since the Trusts do not keep records of the race of claimants, the author had 
to look at the identity document copies and the race classification on the autopsy reports to 
establish what race they could be assigned to according to the South African context.  
Data on all the variables were manually retrieved from the claimants’ medical files. Fibre 
exposure was determined by reviewing the work history from industry files which constituted 
all the mines that the claimant worked at. Occupational and environmental claims were 
recorded as such on the database and these were verified by checking the history of 
exposure for all the claimants. We did not categorise exposure type beyond occupational 
and environmental. If the claimant had both, we categorised the case as occupational and if 
they had domestic exposure, we categorised them as environmental.  Latency was 
calculated as the difference between the first year of exposure (from industry files) and the 
year of claim registration by the Trusts as the time when the disease actually presented was 
not known. Duration of exposure was calculated as the difference between first year of work 
and last year of work (also from industry files) and between first and last date of residence 
(self-reported) for occupational and environmental claimants respectively. The recorded 
distance from source of exposure for environmental claimants was calculated using the Trust 
board approved maps. 
 
Where possible electronic data kept by the Trusts were used to complete missing 
information. Stata 10 software package was used to conduct a descriptive analysis of the 
data.28 Histograms, summary statistics, Spearman’s rho, and frequency tables were used to 
explore the variables for univariate analysis. For bivariate analysis, the Wilcoxon Ranksum 
test or Kruskal Wallis test were used to determine if there were any statistically significant 
differences between the numerical variables across levels of categorical variables. Chi 
















3.3 Ethical considerations 
 
The study was approved by the Human Research Ethics Committee of the Health Sciences 
Faculty of the University of Cape Town. ART and KRT also gave the author permission to 
































4.1 Characteristics of the mesothelioma claimants 
 
Since 2003 until 2010, the ART and KRT have registered 15 461 claimants on the database. 
A total number of 295 claimants were confirmed to have mesothelioma, making the 
proportion of mesothelioma among all claimants 1.91%. The details of the characteristics of 
the mesothelioma claimants are summarised in table 7 below. 
 
Table 7: CHARACTERISTICTS OF THE MESOTHELIOMA CLAIMANTS 
VARIABLE n PROPORTIONS PER CATEGORY 
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172 (58.31%) 
*A-Markers supportive of Epitheloid Mesothelioma 
*B-Markers supportive of Sarcomatoid/Biphasic Mesothelioma 














Of the 295 registered mesothelioma claimants, 76.61% were men and 23.39% were women.  
There were more black claimants (54.24%) than white claimants (37.97%), while coloured 
claimants constituted 7.8%. Seventy-one percent of the claimants had occupational 
exposure, while 29.15% had environmental exposure. Two percent of the claimants were 
exposed to more than 1 fibre type while 92% were exposed to crocidolite. None of the 
claimants with mesothelioma were exposed exclusively to amosite or chrysotile. Most of the 
mesotheliomas were of epitheloid histological type (45.76%), followed by sarcomatoid 
(3.39%) and then biphasic (6.44%). The most common positive stain marker reported on 
histology reports was calretinin.  
Four out of the 5 claimants who had an autopsy report negative for mesothelioma, had had a 
positive or suggestive histology report for mesothelioma and were therefore classifed as 
having msothelima on the grounds of histology. 
 
4.2 Distributions of numerical variables: age, duration, latency and distance 
from the mine. 
Graph 1 below shows the distributions of the numerical variables and the medians of the 
numerical variables by categorical variables respectively. 
Graph 1: DISTRIBUTIONS OF THE NUMERICAL VARIABLES: AGE, DURATION OF EXPOSURE, 
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All numerical variables had non – normal distributions. The distance from the closest source 
in those with environmental mesothelioma and the duration of exposure in all claimants had 
the most missing data. The median distance in environmental cases was 5 km (range: 0.15-
96 km). The claimant who stayed 96 km away from the source of exposure was not 
compensated as the acceptable limit is 5 km. 
 
4.3 Claimant characteristics by race and gender, exposure type and vital status 
at diagnosis. 
Table 8 below describes the proportions of race by variables gender, exposure type and vital 
status at diagnosis. 
Table 8: PROPORTIONS OF RACE BY GENDER, EXPOSURE TYPE AND VITAL STATUS AT 
DIAGNOSIS 
RACE GENDER TOTAL Chi-squared 
test Female Male  
Black 28 (17.5%) 132 (82.50%) 160 P=0.019 
Coloured 5 (21.74%) 18 (78.26%) 23 
White 36 (32.14%) 76 (67.86%) 112 
TOTAL 69 226 295 
RACE EXPOSURE TYPE TOTAL Chi-squared 
test Occupational Environmental 
Black 138 (86.25%) 22 (13.75%) 160  P=0.000 
Coloured 14 (60.87%) 9 (39.13%) 23  
White 57 (50.89%) 55 (49.11%) 112  
TOTAL 209 86 295 
 RACE MISSING 
DATA 




Black 7 103 (67.32%) 50 (32.68%) 153  P=0.000 
Coloured 2 18 (85.71%) 3 (14.29%) 21  
White 6 100 (94.34%) 6 (5.66%) 106  
TOTAL 221 59 280 
 
In each race category there were more men than women claimants; however the ratio of 
women to men was notably highest in white claimants. The proportions of occupationally 
exposed and environmentally exposed claimants among whites were almost equal while the 
proportion of occupational claimants was far greater than that of environmental claimants 












Seventy-nine percent of the claimants were diagnosed with mesothelioma before death. 
There was a much higher proportion of claimants diagnosed before death amongst white 
claimants than in other race groups, while black claimants made up the largest proportion 
amongst those diagnosed after death. 
 
4.4 Bivariate analysis of age, duration of exposure and latency by race, gender 
and exposure type.  
Table 9 below shows the medians of the numerical variables by categorical variables. 
Table 9: MEDIANS OF AGE, DURATION OF EXPOSURE AND LATENCY BY RACE, GENDER AND 
EXPOSURE TYPE. 
NUMERICAL VARIABLE RACE KRUSKAL-WALLIS TEST 
(p) 
Black Coloured White 
Median (IQR) Median (IQR) Median (IQR) 
AGE in years 56 (41-80) 56 (44-76) 58 (40-76) P=0.07 







LATENCY in years 31 (26-42) 22 (21-56) 38.5 (21-56) P=0.0014 





AGE 57 (38-85) 59 (45-76) P=0.19 
DURATION in years 2.94 (0.15-30) 3.5 (0.19-19.05) P=0.35 
LATENCY in years 33 (14-60) 40 (25-65) P=0.001 





AGE 58 (41-82) 56(37-79) P=0.37 
DURATION of exposure in 
years 
2.78 (0.13-24.40) 7.58 (0.56-
29.91) 
P=0.001 
LATENCY in years 32 (15-52) 43 (17-67) P=0.00 
 
The median age at the time of registration was 57 years (IQR: 33-92 years). Although female 













The median duration of exposure was 2.94 years (IQR: 5 days-37 years). The 
environmentally exposed claimants were exposed to an average of almost 5 more years 
than the occupationally exposed.  
The median latency was 34 years (IQR: 10-71 years). There was a statistically significant 
difference in the latency period amongst the three race groups. Specifically, the significant 
difference in latency period was between white and black claimants, with white claimants 
having on average, latency period 7 years longer.  
Female claimants had on average a latency period 7 years longer than the male claimants 
whereas environmentally exposed claimants had a latency period 9 years longer than those 
occupationally exposed and the difference was statistically significant.  
4.5 Investigations submitted to the Trusts 
Table 10 below shows the breakdown of the proportions of different investigations by race.  
Table 10: INVESTIGATIONS CONDUCTED by Race 
INVESTIGATION RACE TOTAL NUMER 
SUBMITTED out of 
N=295 
Chi-Squared 
test Black  Coloured  White  
N= 160 N=23 N=112 






224 (75.93%) P=0.000 





























123 (41.69%) P=0.003 
 
Biopsy was the most submitted investigation, followed by chest x-ray. Sixty percent of the 
white claimants submitted x-rays, which is lower than the proportions in the other race 
groups. A higher proportion of white claimants had access to histology and 
immunochemistry investigations than claimants of other race groups. Conversely, a smaller 
proportion of white claimants had a lower autopsy proportion than black claimants (32.14% 













4.6 The proportions of mesothelioma by current location 
Table 11 below shows the proportion of claimants by province. 
Table 11: PROPORTIONS OF MESOTHELIOMA CLAIMANTS BY PROVINCE 
PROVINCE N PROPORTION 
Northern Cape 226 76.61 % 
Mpumalanga 16 5.42% 
Gauteng 17 5.76% 
Free State 13 4.41% 
North West 7 2.37% 
Western Cape 5 1.69% 
Kwa-Zulu Natal 2 0.68% 
Limpopo 2 0.68% 
Outside South Africa 4 1.36% 
TOTAL 295 100% 
 
Seventy–seven percent of the claimants were from the Northern Cape. The provinces 
indicate the claimants’ current location which may not be where they were originally from or 
where they were exposed. 
5. DISCUSSION  
 
This study represents the largest case series of mesothelioma yet in South Africa.  We 
estimated that black claimants constitu ed the highest proportion on the Trusts ‘database but 
we cannot infer that the proportions are representative of the racial employment ratio of 
white to black in the asbestos mining industry which was reported to have been as high as 
1:18.24 Compared to previous case series, our pool of mesothelioma claimants had the 




















Table 12: COMPARISON OF REVIEWED CASE SERIES STUDIES WITH THE CURRENT STUDY 















Wagner et al. 55  1965 87 PRU a * 13.5%:84.3% * 
Webster4 1973 232 NRIOD b * 44%:33% 34%:0.9%:0% 
Cochrane et al. 23 1978 70 NRIOD b 13%:0%:87% 80%:19% * 
Solomons24 1984 80 NCOH c 16%:4%:80% 68%:7.5% 21%:5%:0% g 
Rees et al. 19 1999 123 Multiple 
Centres d 
45%:*:55% 67%:31% 56%:8%:0% 
Current Study 2011 295 ART/KRT 
 
54%:8%:38% 71%:29% 95%:0%:0% 
 
a- PRU- Pneumoconiosis Research Unit ,now  National Institute for Occupational Health (NIOH) 
b- NRIOD- National Research Institute for Occupational Diseases (now NIOH) 
c- NCOH-National Centre of Occupational health (now NIOH) 
d- Greater Bloemfontein, Johannesburg, Cape Town, Kimberley, Pretoria, Port Elizabeth 
e- C:A:Ch- Crocidolite: Amosite: Chrysotile 
f- B:C:W-Black: Coloured: White 
g- Asbestos fibre type predominantly mixed  
*-     Not mentioned 
Note: in studies where the proportions were not provided, the author worked them out using the 
information provided in the articles. Owing  to unknown information or categories that are not part of  the 
table, some of the proportions do not add up to 100% 
 
Our proportions of occupational and environmental exposure were comparable with those of 
three of the cases series studies reviewed.19,23,24 Although the claimants were mostly 
occupationally exposed, quite a significant proportion was environmentally exposed. South 
Africa has one of the highest proportions internationally of mesothelioma cases solely due to 
environmental exposure.34 Ten out of thirty-three mesothelioma cases reported by Wagner 
et al. had no occupational asbestos exposure.39 Rees et al. reported that 22 out of 123 
histologically confirmed cases of mesothelioma had exclusive environmental exposure in the 
Cape crocidolite asbestos mining region.19   
 
White female claimants had the highest proportion of environmental mesothelioma, 
attributable to the fact that most white women stayed home and were domestically exposed 
when their husbands came home with asbestos fibres on their clothes. Black women on the 
other hand were part of the labour force, mostly cobbing the fibre from the rock.13 
Given these statistics on environmental mesothelioma in South Africa, it is saddening that 












According to the Department of Minerals and Energy, within the 4 provinces that mined 
asbestos, there are approximately 185 mines and 578 waste disposal sites. In his recent 
study, assessing environmental asbestos contamination in the North West and Northern 
Cape Province, Jones64 reported an overall rate of environmental asbestos contamination of 
73% for all land uses (e.g. public buildings, parks etc.) combined. “The contamination is 
most prevalent within the first few kilometres surrounding the former mine, mill and dump 
sites with decreasing rates of contamination extending out several kilometres from the 
original mine sites.” The rehabilitation of these sites is still to be completed38; meanwhile 
exposure continues. 
Seventy-five percent of the claimants are currently(or were) located in the Northern Cape 
which is consistent with the finding that 92% of the mesothelioma cases were exposed to 
crocidolite as opposed to lower proportions in the other case series studies which were 
mostly based on national sources. The statement is based on the assumption that the 
claimants currently located in the Northern Cape were exposed in the province.  
For every claimant on the database, a detailed work history was captured for every period or 
work stint they worked at every mine. These data were grouped according to the type of fibre 
mined at different operations such that if a claimant had worked at the same mine on more 
than 1 period, they would contribute 2 or 3 to the total period count for that particular 
operation. 
Table 13. below shows the periods of exposure to the three types of fibres from the entire 
dataset, as well as the different asbestos related disease claims. 
Table 13: PERIODS OF EXPOSURE TO ASBESTOS FIBRES 
FIBRE Crocidolite Amosite  Chrysotile  
Number of recorded periods of exposure 20976 152 1976 
Mesothelioma cases 272 0 0 
Pleural thickening/Asbestosis  
(+mild or moderate lung function loss) 
3031 16 295 
Asbestosis (+ severe lung function loss) 346 1 14 
Lung cancer 60 0 1 
Note: work history was recorded as different periods of work at asbestos mines, most  
claimants had more than 1 period 
 
The results of mesothelioma cases by fibre type are concordant with the 












However, it should be noted that the data used was predominantly from the mining industry 
and not all uses of asbestos and that the claimants were located in the Northern Cape 
province at the time they were registered on the database. Also, exposure to amosite and 
chrysotile was much lower compared to crocidolite exposure. Despite the differences in the 
exposures of the different fibres, there were recorded cases of other asbestos related 
diseases in amosite and chrysotile exposed claimants but no mesothelioma cases. 
In the studies reviewed, there was no claimant who had been exclusively exposed to 
chrysotile and none reported more than 10% of the mesothelioma cases exposed to amosite 
only.4,19,23,24,55 In a recent review by White et al.,34 South African studies that detailed the 
occupational and environmental exposures of 504 histologically proven mesotheliomas 
reported no mesothelioma due to chrysotile. However, the International Agency for Research 
on Cancer (IARC) working group conclude in their recent monograph that there is sufficient 
evidence for the carcinogenicity of all forms of asbestos.45 Phillips et al. discussed at length 
the possible reasons why there is no documented chrysotile mesothelioma cases in South 
Africa, the most likely being the relatively low tremolite contamination of  South African 
chrysotile.51  
Men were traditionally the predominant gender in the mining industry and therefore it could 
be assumed that they were exposed to more “risk work” than women. In the asbestos 
industry however, before the mines were registered, family units often worked together.13 
Women would “cob” the fibre from the rock while children trampled on shipping bags, 
activities that were just as risky as those of men. When the mines were eventually registered 
in 1953 and the legislation restricting women working in mines enforced, the number of black 
women probably declined sharply, explaining why we had more males than females in our 
case population. 
 
The median age at time of claim registration of 57 years was comparable to the mean age 
(57.2 years) reported by Solomons in his 1984 case series of 80 subjects.24 There was no 
significant difference in age at registration amongst the three ethnic groups.  
 
There were claimants who were exposed to asbestos for as little as 5 days. Although 
Solomons reported mean exposure duration of 13.6 years, his range (5 days-47 years) 
overlapped with ours (5 days-37 years). Our latency ranged from 10 to 71 years with a 












The fact that white claimants had on average  a latency 7 years longer than black claimants 
can partly be explained by the fact that whites had the highest proportion of environmentally 
exposed (including a higher proportion of women) who had a statistically longer latency 
period than occupationally exposed claimants.  
Investigations recorded in the claimants’ files are those submitted to the Trusts and not 
necessarily all the investigations the claimant has had done. In this regard, the proportions of
the investigations conducted on different race groups do not only reflect unequal access but
how late the claimants presented. If this is the case, the results suggest that white claimants
present earlier than their counterparts from other race groups, enabling investigations 
beyond the initial radiology. Further, the proportion of mesothelioma claimants diagnosed
before death among white claimants (94.34%) is much higher than among coloured
(85.71%) and black (67.32%) claimants, suggesting that even when cases are actively
sought, black and coloured claimants tend to present later than white claimants.
White claimants had autopsy investigations less frequently than black claimants. However,
this can partly be explained by the fact that 66% of those occupationally exposed were black
claimants (versus 27% of white claimants). 
In general, because of the Trusts’ operations, black former miners registered by the Trusts, 
particularly in Kuruman, would be more likely to have their hearts and lungs sent for statutory
autopsy as legislated by ODMWA59, than black miners in other sectors or outside the Trusts’
area of operation. Nevertheless, both late presentation and poor access to health care 
facilities are likely to contribute to poor ascertainment. It has indeed been suggested that
many cases go undiagnosed due to these reasons, especially among black former miners.23
Our results paint a picture of the apartheid social segregation system that prevailed during 
most of the asbestos mining era. Black male miners were the major work force, exposed to 
harsh working conditions associated with a high turnover, explaining the short duration of 
exposure amongst black claimants. While white male miners brought asbestos fibres home 
to their wives, in the early years, black male miners worked as family units with their wives 
and children to collect as much fibre as possible. This point is not demonstrated by the 
results because at the time when these family units were working, mines hardly kept records 
and when the legislation was enforced to keep records, women and children were no longer 












Genetic susceptibility has been implicated in the aetiology of mesothelioma.65 However, 
asbestos exposure was varied amongst the communities in and around the asbestos mines 
resulting in a disease pattern that partially reflects racial proportions during specific 
production periods, residence and access to health care rather than any genetic pattern. The 
high turnover and the migrant labour system would also contribute significantly to a 




The data used was sourced from an administrative database and therefore the study has all 
the limitations associated with research using this type of database. The records were not 
collected with the view that they would be used for research and therefore they were 
frequently incomplete.  
There are mesothelioma claimants that were missed as a result of the inherent nature of the 
disease and others that were missed because of the system of the Trusts. Mesothelioma 
occurs 20 to 40 years after exposure. If occupational or environmental history is not 
thorough, the diagnosis may not be pursued until it is too late. Further, even if the diagnosis 
is suspected, it may not be easy to confirm, especially in rural areas.  
The disease has a short prognosis, presenting a limited time frame within which a clinician 
has to confirm diagnosis. Also there are other competing causes of death such as HIV/AIDS 
related deaths that may present before mesothelioma.  
The Trusts did not keep information on the race of the claimants therefore it could not be 
established if the racial proportions in the data were representative of the asbestos work 
force. Also, the Trusts exclude individuals who are too far from the regional offices, those 
who do not qualify administratively, those already dead, or those who don’t know about the 
Trusts. Although the Trusts accept claims from deceased individuals, it is likely that many 
dependants would fail to submit the necessary documentation for the processing of the 
claim. Further, while the Trusts are accessible to many occupationally exposed individuals, 
they are not as easily accessible to the environmentally exposed. For example, the Trusts do 
not cover the initial cost of investigations of environmental claimants; whereas occupational 












The data used for this study is from a population mostly exposed to crocidolite compared to 
amosite and chrysotile; however, the fact that there were no mesothelioma cases found 
exclusively exposed to amosite or chrysotile is in consistent with the mesotheliomagenicity 
gradient of the three fibres. It should be noted that there were numerous cases of pleural 
thickening and or asbestosis among chrysotile exposed claimants. 
Environmentally exposed potential claimants who cannot cover these medical investigation 
costs may have been excluded and these would usually be black potential claimants. Also, 
the fact that the “qualifying period “applies to environmental claimants excludes even more 
potential claimants because the exposure from abandoned mine dumps usually continue
long after the qualifying operations have closed. To preserve funds, the Trusts do not pay for
any further examinations if the first claim application is turned down. If asbestos related
disease is not diagnosed the first time around and the potential claimant falls ill later, they
have to cover their consultation fees and have their fees reimbursed in retrospect if their
outcome is confirmed as mesothelioma. This would again exclude the poor.
The study suffered selection bias due to migrancy. Although the Trusts’ operation team visits 
neighbouring countries (from time to time) where migrant labourers mostly came from, the
Trusts are not as accessible to former migrant labours as they are to local potential
claimants.
Since the study is a case series based on data collected from certain qualifying mines, the
study population does not represent all cases in the population and therefore the results 
cannot be inferred to the general asbestos exposed population.
7. CONCLUSION
Even though the results of this study cannot be inferred to the general asbestos exposed 
mining population, they indicate that there may still be many hidden cases of mesothelioma, 
especially in and around the former crocidolite mining towns. Mesothelioma is not a disease 
exclusive to the poor, and knows no racial or gender boundaries. However, it is the poorest 
that die undiagnosed or having endured the poorest quality of life. Ascertainment of the 
disease is a challenge in a resource constrained country like South Africa. The consequence 
of this is that the epidemic remains silent and therefore, not much gets done to change a 
situation that does not seem “problematic enough”. The tragedy is that all illnesses and 












8. RECOMMENDATIONS  
Better access to health care for ex-mining populations may lead to early diagnosis. Early 
diagnosis is important for proper reporting to centres of data collection and initiation of 
compensation, as the family is likely to lose the benefit thereof if diagnosis is delayed until 
death. Such early diagnosis could be achieved if health facilities around the mining towns 
were better resourced and geared towards ascertaining mesothelioma.  
Creating awareness of the disease in the community, especially the black community, will 
reduce late presentation to health facilities. Since mesothelioma presents long after the 
exposure to asbestos, health care workers need to be constantly reminded of the 
association between mesothelioma and asbestos.  
A thorough occupational and residential history when dealing with patients presenting with 
suspicious chest symptoms and signs is vital. Diagnosis and reporting of mesothelioma to 
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5. TABLES AND GRAPHS NOT INCLUDED IN PART C BECAUSE OF JOURNAL 
RESTRICTIONS 
5.1 Proportions of Mesothelioma Claimants registered per year 
Since 2003 until 2010, the ART and KRT have registered about 14 095 claimants. A total 
number of 295 claimants were registered on the database as having ARD4 (mesothelioma), 
making the proportion with mesothelioma 2.09%. The Trusts registered the highest 
proportions of mesothelioma claimants between 2004 and 2006. Table14 shows the 
proportion of mesothelioma claimants registered per year out of all mesothelioma claimants. 
Table 14: PROPORTIONS OF MESOTHELIOMA CLAIMS REGISTERED PER YEAR 




2003 57 28(49.12%) 
2004 958 42 (4.38%) 
2005 2014 40 (1.98%) 
2006 8433 82 (0.97%) 
2007 1260 10 (0.79%) 
2008 1455 39 (2.68) 
2009 1199 22 (1.83%) 
2010 85 32 (37.64%) 
TOTAL 15461 295 
 
5.2 Distributions of Numerical Variables 
Distance from the closest source in those with environmental mesothelioma and the duration 
of exposure were the variables with the most missing data. The distance from the closest 
asbestos source had the widest IQR. Table 15 below shows the details of the distributions. 






AGE  in years 295 Non-normal 57 years 37-85 
LATENCY in years 265 Non-normal 34 years 14-67 
DURATION in years 216 Non-normal 2.94 years 0.13-30.32 
DISTANCE FROM 







Non-normal 5km 1-50 













                                                                                                                                                                                    
5.3 Associations between Age, Latency and Duration of exposure 
Table 16 below shows spearman’s rho and p –values for all the possible pairs of numerical 
variables. 
As expected, there was a correlation between age and latency. There were weak 
correlations between other numerical variables.  
Table16: ASSOCIATIONS BETWEEN NUMERICAL VARIABLES 
 AGE LATENCY DURATION in years 
AGE 1   
LATENCY 0.50(p =0.00) 1  



































6. OCCUPATIONAL AND ENVIRONMENTAL: AUTHORS’ INSTRUCTIONS OF
SUBMITTING AN ORIGINAL ARTICLE
As a guide, papers should not normally exceed 4500 words or have more than five 
tables or figures or 40 references (more may be allowable for systematic reviews - 
see guidance below).  
They should include a structured abstract of not more than 250 words, under the 
headings Objectives, Methods, Results, and Conclusions. Please include up to three 
keywords or key terms to assist with indexing.  
Additional information on formatting your paper: 
 Papers are considered on the understanding that they are submitted solely to
this Journal and do not duplicate material already published elsewhere. In
cases of doubt, where part of the material has b en published elsewhere, the
published material should be included with the submitted manuscript to allow
the editor to assess the degree of duplication. 
 Papers should follow the requirements of the International Committee of 
Medical Journal Editors (BMJ 1991;302:338-41). Papers and references must 
be typed in double spacing. SI units should be used. 
 Please include a box offering a thumbnail sketch of what your article adds to
the literature, for readers who would like an overview without reading the
whole article. This box should be titled 'What this paper adds' and should 
consist of 3-5 single-sentence bullet points, as follows: 1-2 sentences
summarising the state of scientific knowledge on the subject before the study
was done and why the study was needed; 1-2 sentences summarising what 
we know as a result of this study that wasn't known before, and, where 
appropriate, 1 sentence noting any important policy or practice implications of
the research.
